ABSTRACT
Tectonic models for the central Anatolian segment of the Alpine-Himalayan orogen have not considered this region as part of the Aegean extensional province. We have found evidence, however, for Oligocene-Miocene extension and exhumation of midcrustal rocks in a metamorphic dome (Nigde massif) that is structurally and petrologically similar to Miocene core complexes >500 km to the west. Strong correspondence in the timing and kinematic development of the Menderes (western Turkey) and Nigde core complexes suggests that extensional tectonics and exhumation of mid-to lower-crustal rocks affected much of the eastern Mediterranean region.
In the Nigde massif, supracrustal rocks were buried to depths of 16-20 km at high temperatures (>700°C) during contraction associated with closure of Neo-Tethyan seaways in late Mesozoic-early Cenozoic time. Following cooling and decompression to <600°C and <10 km, metasedimentary rocks underwent a second heating event at low pressures during Miocene magmatism that postdated much of the unroofing of the massif. Development of the Nigde core complex was related to exhumation of thickened and thermally weakened continental crust in the upper plate of a north-dipping subduction zone. The partial subduction of the Tauride carbonate platform in the Eocene resulted in choking of the subduction zone, followed by isostatic rebound and exhumation of the buoyant platform. This in turn caused a rapid emergence of the upper plate, resulting in erosion of upper-crustal rocks and exhumation of midcrustal rocks along the northern edge of the Inner Tauride suture zone. Although northern regions of central Anatolia contain the same protoliths as the Nigde massif and underwent extensive Tertiary magmatism, they did not undergo similar extension, suggesting that core complex development in south-central Turkey was controlled by the location of thickened and thermally weakened crust adjacent to a suture zone.
Aegean region (Seyitoglu and Scott, 1991) . These and other tectonic models have not considered inland regions of Turkey, or have characterized central Anatolia as a rigid block mainly undergoing strike-slip faulting and associated sedimentary basin development (McKenzie, 1978; Sengör et al., 1985; Dewey et al., 1986) .
NIGDE MASSIF
The Nigde massif is an isolated crystalline dome near the Inner-Tauride suture in southcentral Turkey (Fig. 1) and represents the southernmost part of the Central Anatolian crystalline complex, which includes the Kirßehir and Akdag massifs in the north. It is bounded on the east by the sinistral Ecemiß fault (Tertiary) and on the south by the Ulukißla sedimentary basin (Fig. 1) . The Nigde massif records pressure-temperature conditions and structural features related to contractional and extensional Alpine tectonic phases. The massif as a whole contains all the elements of a Cordilleran-style metamorphic core complex: plastically deformed metamorphic and plutonic basement (footwall), sedimentary cover rocks (hanging wall), and a low-angle normal fault zone separating the basement and cover. Sedimentary rocks in the hanging wall consist of unmetamorphosed Paleocene to middle Eocene mudstone, volcaniclastic sandstone, shale, and limestone overlain by Miocene marl and lacustrine limestone.
Structural Geology of the Nigde Massif
Metacarbonate rocks of the structurally highest part of the massif display tight to isoclinal folds; fold axes plunge gently to the northeast in the north and southwest in the south, forming an antiformal dome structure (Figs. 2 and 3 ). In the southern half of the massif, the southwestdipping schistosity in these metacarbonate rocks is commonly associated with gently southwestplunging stretching lineations. Asymmetric quartz porphyroclasts in the southwest-dipping schistosity plane show top-to-the-southwest shear sense, suggesting extension in a northeastsouthwest direction. Metapelitic gneiss in the northern part of the massif and stratigraphically below the metacarbonates shows two foliations: one defined by aligned biotite and fibrolite grains and the other defined by shear surfaces that crenulate and transect the mineral fabric (Fig. 3) . These foliations form an S-C fabric described from tectonites defined as type I mylonites (Lister and Snoke, 1984) and consistently dip to the north at 30°to 40°. Fibrolite lineation in these rocks plunges to the northeast in the dip direction of the S foliation. Asymmetric quartz porphyroblasts within the S foliation plane display clockwise rotation, giving top to the north-northeast sense of shear.
The margins of the massif are characterized by low-angle normal fault (detachment) zones dipping ~30°away from the core of the dome and below unmetamorphosed clastic sedimentary 1024 GEOLOGY, November 1997 rocks of the hanging wall (Figs. 2 and 3) . We have mapped these fault zones only on the northwest and southern margins of the massif, where the metacarbonate unit is well exposed (Fig. 2) . The detachment zones are defined by ~4-m-thick shear zones composed of cataclasite and brecciated marble and calc-silicate; degree of deformation decreases away from the hanging wall. Metamorphic rocks of the Nigde massif are unconformably overlain in the north by the late Tertiary-Quaternary ignimbrites and alluvium of the Cappadocia region (Fig. 3) , and hence it is not known if there is a detachment zone around the northern edge of the massif. However, the occurrence of the detachment fault zone in the south and in the northwest, the subcircular exposure of the high-grade core in the north-central part of the massif, and the existence of doubly plunging stretching lineations in the rocks of both the highgrade core and its metacarbonate envelope suggest that the massif underwent progressive exhumation during bivergent extensional deformation, analogous to the Menderes metamorphic core complex in western Turkey (Hetzel et al., 1994 (Hetzel et al., , 1995 .
Petrology and Metamorphism
The footwall of the massif consists largely of metasedimentary rocks, the protoliths of which are dominated by Upper Cretaceous platform sediments of Gondwanan affinity (Göncüoglu, 1986) . In the structurally lowest exposures of the footwall, metapelitic gneiss contains garnet + sillimanite ± potassium feldspar and is commonly migmatitic. Pressure-temperature estimates from garnet-biotite geothermometry, garnet-sillimanite-plagioclase-quartz geobarometry, and inferences from other metamorphic mineral assemblages and migmatite compositions indicate that temperatures of >700°C were attained at moderate crustal depths (16-20 km), 1 and that metamorphism initially proceeded along a clockwise pressure-temperature path (Fig. 4) .
A late heating episode is recorded by the partial transformation of andalusite to sillimanite in rocks near a large Miocene intrusion (Üçkapili granite; Fig. 2 ). These aluminosilicate phase relations, as well as the presence of cordierite in the contact aureole (Göncüoglu, 1986) , indicate that intrusion occurred subsequent to decompression to <10 km depth and cooling to <600°C.
DEVELOPMENT OF THE NIGDE CORE COMPLEX Timing
Isotopic data from the Menderes and Aegean core complexes suggest that Alpine compression in the region ceased by the end of the Oligocene and that major extension, which continues to the present, had commenced by early Miocene time (e.g., Andriessen et al., 1979; Satir and Friedrichsen, 1986; Seyitoglu et al., 1992) . Unroofing of the Nigde massif along the Inner-Tauride suture zone in the east is consistent with this time frame, as indicated by the provenance of sedimentary rocks in nearby depocenters. The Oligocene siliciclastic rocks within the Ecemiß fault zone and the Ulukißla basin (Fig. 2) are made mainly of ophiolitic material; there is no apparent detrital input from Nigde metamorphic rocks, indicating that the massif was still buried while ophiolitic klippen that overlay the Nigde massif and the Bolkar and Aladag carbonate platforms (Figs. 1 and 3) were rapidly removed via erosion associated with extension during this time. In the Ecemiß fault zone bounding the Nigde massif on the east, the first appearance of detrital material from the massif occurs in middle to upper Miocene strata.
The peraluminous Üçkapili granite, which contains cordierite (Göncüoglu, 1986) and andalusite in its contact aureole, was dated by the Rb-Sr method (whole-rock, biotite, muscovite) as 95 ± 11 Ma by Göncüoglu (1986) . However, we recently obtained a U-Pb monazite date from this pluton, and our results indicate that the Üçkapili granite intruded in the early to middle Miocene. Ages of 13.7-20 Ma were determined after correction of the latter date for the incorporation of 230 Th (and therefore excess 206 Pb; Parrish, 1990) . Despite an uncertainty of ~6 m.y. for the crystallization age of the granite, exhumation of the massif must have occurred largely in late Oligoceneearly Miocene time because the Üçkapili granite is no older than early Miocene and intruded after 8-10 km of unroofing of the massif.
Comparison with the Rest of the Central Anatolian Crystalline Complex
The geologic history of the Nigde massif was clearly distinct from the rest of the Central Anatolian crystalline complex in terms of maximum depth of burial, timing of metamorphism and unroofing, and mechanism of exhumation.
Despite lithological similarities among the massifs composing the complex, extensional structures and evidence for widespread high-grade metamorphism and migmatization are lacking in the Kirßehir and Akdag massifs. Although the Kirßehir massif locally reached granulite facies, it is largely composed of a progressive sequence of metamorphic rocks ranging from greenschist to upper amphibolite facies, and there are no mineral assemblages or structures suggesting that depth of burial exceeded 10-12 km. Similarly, the Akdag massif contains abundant mediumgrade (staurolite zone) metapelitic rocks. Although age data from the northern Central Anatolian crystalline complex are limited, inferred ages of sedimentary and volcanic rocks that depositionally overlie the metamorphic rocks indicate that the northern massifs were exposed at the Earth's surface early in the tectonic history of the region, possibly as early as middle Eocene.
Mechanisms
The sequence of events during the formation of the Nigde metamorphic core complex consisted of shortening and thickening of continental crust and subsequent erosion and extensional exhumation, followed by magmatism. Although the Aegean extensional province covers a vast area, the geographically limited extent of presently known core complex development in central Anatolia suggests that large-scale geodynamic mechanisms such as delamination of the lithosphere (as has been proposed for other extensional provinces; e.g., Seber et al., 1996) may not account for core complex development at Nigde. In addition, because magmatism occurred very late in the evolution of the massif, after substantial amounts of unroofing, it was not a driving mechanism of core complex formation (cf. some core complexes in the U.S. Basin and Range province, e.g., Gans et al., 1989; and western Pacific, e.g., Hill et al., 1995) .
Comparison with lithologically similar but unextended terrains to the north of Nigde indicates that the location of the Nigde massif adjacent to a GEOLOGY, November 1997 1025 convergent plate boundary was a controlling factor in core complex development. The closure of the Neo-Tethyan seaway between the Tauride carbonate platform and the Central Anatolian crystalline complex in latest Cretaceous-Eocene time resulted in southward emplacement of ophiolites onto the platform and the collision of these two continental fragments (Dilek and Whitney, 1997) . The Inner-Tauride suture zone (Fig. 1) thus marks a continental collisional boundary within the Neo-Tethyan realm. The occurrence of a blueschist overprint in the metamorphic sole of an ophiolite and underlying carbonates in the Bolkar Mountains region, south of the suture zone (Fig. 1) indicates that the northern edge of the Tauride carbonate platform was partially subducted beneath the Central Anatolian crystalline complex during this collision (Dilek and Whitney, 1997) . Attempted subduction of buoyant continental crust may have arrested the subduction process, and the subsequent isostatic rebound of the subducted platform resulted in rapid uplift and synchronous erosion of uppercrustal rocks and in exhumation of midcrustal rocks above the subduction zone. The Nigde massif, which was located at the leading edge of the overriding plate along the suture zone, thus evolved as a metamorphic core complex in a convergent setting. We propose that extension and core complex development in Anatolia are in part a consequence of Alpine-type collision along the Inner Tauride suture and subsequent exhumation of thermally weakened and thickened crust located in the upper plate of a north-dipping subduction zone. This tectonic scenario is analogous to the evolution of the Menderes core complex, which is located along the Izmir-Ankara-Erzincan suture zone in western Turkey (Hetzel et al., 1994 (Hetzel et al., , 1995 . Tectonic burial of the Menderes massif by ophiolitic nappes resulted in crustal thickening and was followed by its partial subduction along this suture zone. These similarities in tectonic evolution suggest that postcollisional extension and exhumation are more widespread in the eastern Mediterranean region than previously recognized.
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